Introduction
A number of studies have demonstrated abnormalities in acid-base regulation in hypertensive humans and animals (reviewed in Sharma and Distler 1 ). The reasons for these abnormalities remain to be resolved but may be linked to differences in renal sodium and hydrogen handling. Renal tubular sodium/hydrogen exchangers plays a potentially important role in the control of renal sodium and acid excretion. In renal tubular cells two isoforms are of particular importance in the control of sodium and proton re-absorption: a basolateral, NHE-1, and a luminal form, NHE-3. hypertensives both in the unmatched groups and in the matched groups. In the 17 matched pairs: urinary pH in the hypertensive individuals was 6.36 ؎ 0.54 and 5.84 ؎ 0.53 in the normotensives, respectively; P ‫؍‬ 0.007. Additionally, urinary titratable acidity was significantly lower in the hypertensives than in the normotensives (25.4 ؎ 13.7 vs 16.7 ؎ 10.7 mmol/24 h; P ‫؍‬ 0.047) but there were no significant differences in urinary ammonium excretion. The mechanisms for the apparent reduction in acid excretion in the hypertensives is not clear but these results highlight the possibility that hypertension in blacks is associated with abnormalities of renal sodium and hydrogen exchange with compensatory increases in renal ammonium production. Journal of Human Hypertension (2000) 14, 455-459 reabsorption remains unclear. Nevertheless, the potential importance of sodium/hydrogen exchange as a determinant of hypertension is re-inforced by transgenic experiments. In these, animals overexpressing NHE-1 developed 'salt-sensitive' hypertension 4 whereas those with NHE-3 gene 'knock-out' had lower blood pressure compared with wildtype animals. 5 Abnormalities in sodium transport mechanisms may be particularly important in black subjects of African origin. Hypertension in these is often characterised by low plasma renin activity, 6 suggestive of a corrected expansion of the extracellular volume but whether this is also associated with abnormal renal acid excretion has not been investigated. Therefore, the objectives of this study were to compare measures of urinary acid-base excretion in normotensive and hypertensive subjects of African origin.
Subjects and methods

Subjects and protocol
Measurements were carried out in a group of 86 blacks (African or Afro-Caribbean origin). There were 19 normotensives (blood pressures less than 140 mm Hg for systolic and 90 mm Hg for diastolic) and 67 subjects with essential hypertension (blood pressures greater than 140 mm Hg for systolic or 90 mm Hg for diastolic). Of these, 17 hypertensives (eight women: nine men) were paired for age, sex and body mass index (BMI) with 17 normotensives. All individuals had normal renal function and no clinical or biochemical evidence of secondary hypertension. All patients had either never received treatment for hypertension or had withdrawn from treatment 3 weeks earlier. All subjects gave their informed consent and were studied in the morning. They were all on their normal sodium intake.
The subjects' weight and height was recorded and, after 5 min rest, blood pressure (mean of three readings) was determined using an OMRON HEM-705CP (Omron Corporation, Tokyo, Japan). Blood was taken, into the appropriate tubes, for routine biochemical measurements. Twenty-four hour urinary collections were made and two 20-mL aliquots taken for electrolytes, creatinine and measures of acid-base excretion.
Measurement of urinary pH, titratable acidity and ammonium
Urinary pH was determined using a HI 9017 pH meter with a glass combination pH electrode (Hanna Instruments, Bedfordshire, UK). In order to determine urinary titratable acidity, a 2.5-mL aliquot of urine sample was placed in a water bath at 40°C for 30 min. It was then centrifuged at 1050 g for 5 min and two, 1-mL, aliquots were then placed into flatbottomed tubes. Each of the 1-ml aliquots were individually titrated with 0.1 M NaOH to a pH of 7.4. The total volume of NaOH required was recorded; the average of the duplicates was taken to be equivalent to the amount of acid titrated and expressed as mmol/24 h.
The measurement of urinary ammonium assay was based on the Berthelot reaction. 7 Samples were first diluted 1/20 in distilled water. A standard curve of ammonium chloride was also prepared by Age (yrs) 49.1 ± 13.0 (n = 19) 49.6 ± 11.6 (n = 67) NS Weight (kg) 79.3 ± 11.4 (n = 19) 80.4 ± 10.9 (n = 66) NS Ly systolic blood pressure (mm Hg) 124.2 ± 11.3 (n = 19) 159.3 ± 15.0 (n = 67) P Ͻ 0.001 Ly diastolic blood pressure (mm Hg)
77.8 ± 6.9 (n = 19) 100.5 ± 8.8 (n = 67) P Ͻ 0.001 Ly Pulse (beats/min) 69.0 ± 10
Creatinine clearance (mL/min) 118.8 ± 24.2 (n = 18) 112.8 ± 28.0 (n = 64) NS
Urinary acid-base measurements
23.9 ± 13.8 (n = 19) 18.8 ± 11.1 (n = 66) P = 0.078
+ (mmol/24 h) 47.6 ± 20.7 (n = 18) 41.6 ± 16.6 (n = 66) NS pH 5.92 ± 0.57 (n = 19) 6.30 ± 0.47 (n = 67) P = 0.003 Internal quality control samples were included for both the titratable acidity and the ammonium assays. In both cases intra-assay and inter-assay coefficient of variations were less than 7%. Total acid excretion was calculated as the sum of titratable acidity and ammonium.
Other measurements
Plasma aldosterone was measured by direct radioimmunoassay 8 and electrolytes, glucose and creatinine by routine methods.
Statistics
Comparisons of normotensive vs hypertensive group stratified according to gender were done by two-way analysis of variance. Two-group comparisons were carried out with unpaired Student's t-test. Associations between pairs of variables were tested using correlation and analysis of covariance as appropriate. Logarithmic transformation was used for nonnormally distributed data. A two-tailed P value of less than 0.05 was taken as significant. Group results are given as means Ϯ standard deviation (s.d.). Statistical tests were carried out on SPSS (SunOS 4 version, SPSS Incorporated).
Results
Demographic characteristics, blood pressures and the results of the urinary acid-base measurements of the entire group separated into normotensives and hypertensives are given in Table 1 . Initial analysis of the urinary acid-base measurements was carried out to identify differences between normotensives and hypertensives when stratified for gender. The results showed a significantly higher average urinary pH in the hypertensive group (Table 1) 
To overcome potential confounding effects further comparison was carried out on the group of hypertensives and normotensives matched for age, gender and BMI. Demographic characteristics, blood pressures, serum and urinary measurements for the 17 age-and sex-matched pairs of normotensives and hypertensives are summarised in Table 2 . In these pairs, as in the total group, urinary pH was significantly higher in the hypertensive group and this was associated with a corresponding decrease in urinary titratable acid but not in urinary ammonium ( Figure 1 , Table 2 ). There were no significant differences in the other variables measured including urinary sodium, potassium or creatinine excretion, however, average serum bicarbonate was slightly higher in the hypertensive group (Table 2) .
There were no significant differences in urinary sodium, potassium or creatinine between the normotensives and the hypertensives. Average plasma aldosterone in the hypertensive group was higher than that in the normotensives (Table 1) , though this was not statistically significant when comparing the matched groups ( Table 2 ). Given that the differences in urinary pH between the normotensives and the hypertensives were not associated with corresponding changes in urinary ammonium, the association between urinary pH, titratable acidity and ammonium was further investigated in the overall groups of normotensives and hypertensives. As expected, in both groups analysed separately there were significant negative associations between urinary pH and titratable acidity (r ϭ −0.88, n ϭ 19), P Ͻ 0.001 and r ϭ −0.74, n ϭ 66, P Ͻ 0.001, for the normotensive and hypertensive group respectively). However, there was an apparent divergence in the associations between urinary pH and urinary ammonium in the two groups. In the normotensive group there was a significant correlation coefficient between urinary pH and urinary ammonium (r ϭ −0.78; n ϭ 18; P Ͻ 0.001). By contrast, there was no significant correlation between urinary pH and ammonium in the hypertensive group (r ϭ −0.19; n ϭ 67; P ϭ NS); moreover, the slopes (−0.060 for the normotensives and −0.010 for the hypertensives, respectively) were significantly different by analysis of covariance (P ϭ 0.002).
Discussion
The major objectives of this study were to compare urinary acid excretion in normotensive and hypertensive blacks. The work was based on the assumption that the volume-dependent hypertension in these might be associated with increased acid excretion, possibly through increased activity of renal tubular sodium/hydrogen exchange. By contrast, we have found a significantly higher urinary pH in the hypertensives suggesting a decrease rather an increase in urinary acid excretion. 'Acid excretion' was measured in terms of urinary pH, titratable acidity and ammonium. Total acid excretion was calculated as the sum of titratable acidity and ammonium; this differs from net acid excretion which is equivalent to total acid excretion Age (yrs) 52.6 ± 8.0 (n = 17) 52.6 ± 9.3 (n = 17) NS Weight (kg) 80.6 ± 11.1 (n = 17) 78.5 ± 12.6 (n = 17) NS Ly systolic blood pressure (mm Hg)
126.2 ± 9.7 (n = 17) 162.4 ± 18.0 (n = 17) P Ͻ 0.001 Ly diastolic blood pressure (mm Hg)
78.6 ± 6.8 (n = 17) 101.6 ± 6.8 (n = 17) P Ͻ 0.001 Ly Pulse (Beats/min) 68.6 ± 10.6 (n = 17) 69.6 ± 11.0 (n = 17) NS minus bicarbonate. However, at pH values less than 7, the urinary bicarbonate concentration is low 9 and as the average group pH values in the present study were well below pH 7 (Tables 1 and 2) , such low levels of bicarbonate are unlikely to have a major effect on urinary pH.
Serum
The observation of a significantly higher urinary pH in the hypertensives compared with the normotensives which was found in both the whole groups (Table 1 ) and in the matched groups (Table 2) suggests that the difference was not due to potentially confounding factors such as age, weight or gender. Despite the marked differences in urinary pH, in both the matched pairs and in the whole group, there were no significant differences in urinary ammonium. By contrast, average titratable acidity was slightly lower in the hypertensives (Tables 1  and 2) .
A number of mechanisms are involved in the elimination of dietary and endogenous excess acid. 10 While we cannot totally exclude differences in dietary intake, it appears unlikely that the hypertensive individuals were excreting less acid than the normotensives because of dietary differences. In general, a more vegetarian diet, apart from a reduction in acid excretion, 11 would also be reflected by an increase in urinary potassium and a decrease in urinary creatinine. However, we did not find any significant differences between the hypertensive and normotensive group in urinary potassium and creatinine, nor was there any significant difference in urinary sodium (Tables 1 and 2) .
Differences in treatment for hypertension or presence of secondary hypertension is also unlikely to account for the differences in urinary acid excretion as the subjects investigated were not on treatment and had no known clinical or biochemical cause for their elevated blood pressure. In both groups, there was also no significant difference in serum or urinary potassium between the normotensives and the hypertensives ( Table 2) .
Another possibility is that the normotensive and hypertensive individuals investigated in this study consumed and produced the same amount of acid but, in the hypertensives it was excreted via a different mechanism, for example via the lungs or via the kidneys in a form that is not detected by the methods used in this investigation. Interestingly, these results also raise the possibility that the reduction in acid excretion in the hypertensives may be due to differences in renal tubular hydrogen handling between the normotensives and the hypertensives. However, the present study was not designed to address these issues and whether the reduction in acid excretion in the hypertensives is mediated by differences in sodium/hydrogen exchange or by differences in proton secretion by renal tubular proton pumps remains to be investigated. Nevertheless, these results in black people are of particular interest especially as in a separate study we found no differences in urinary acid-base excretion between normotensives and hypertensives of Caucasian origin. 12 Whatever the mechanism for the reduction in acid excretion in the hypertensives of African origin, there was little evidence of systemic acidosis, at least as assessed from serum bicarbonate (Table 1) , suggesting the presence of compensatory mechanisms. One possible mechanism may involve increased generation of ammonium. This is supported by a lack of a significant difference in urinary ammonium excretion between the normotensives and the hypertensives and the lack of association between urinary pH and ammonium in the hypertensives. An increase in renal ammonium from glutamine may provide a potential mechanism to maintain systemic pH in the presence of a reduction in urinary acid excretion as an increase in renal ammonium production is associated with an increase in renal bicarbonate. 10 In conclusion, the exact mechanisms for decreased acid excretion in hypertensive individuals of African origin and whether this is a cause or a consequence of the raised blood pressure remain to be resolved. While these observations clearly need to be confirmed in larger population-based studies, nevertheless, they do highlight the possibility of abnormalities in renal sodium and hydrogen exchange, in a subgroup at least, of black subjects with essential hypertension.
